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The Effect of BMI on Oxygen Saturation at Rest and 
during Mild Walking 
 





Eighty one subjects were examined for the relationship between BMI, Body fat, arterial 
oxygen saturation and arterial PO2 with the subjects at rest and after 5 minutes of walking 
on a treadmill ergometer at 3 mph at a 3% grade.  They had BMIs between 19 and 50.  All 
subjects were free of cardiovascular disease and had normal blood pressure making it safe 
for them to participate in mild exercise.  They were all able to walk for at least 10 minutes 
without cardiovascular complications and were not taking any medications that altered the 
autonomic nervous system.  The age was between 22 and 68.    The results showed that 
above a BMI of about 30, there was an inverse relationship between BMI and oxygen 
saturation in fingertip blood (correlation -0.81. p<0.001).  The reduction in O2 saturation 
with higher BMI was made much worse when walking at 3 mph at a 3% grade on a treadmill 
(p<0.01).  Upon walking, saturation dropped for the first 5 minutes.  Oxygen saturation was 
reduced by almost 5% after 5 minutes of exercise.  The results indicate that caution should 
be used in people with higher BMIs on using therapeutic exercise and a pulse oximeter 
should be used for safety. 
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1  Introduction 
Pickwickian syndrome is a common disorder associated with obesity [1, 2].  It is 
characterized by low arterial PO2 and low arterial oxygen saturation [3, 4].  For example, 
Mr. Wardle’s servant in Charles Dickens’ POSTHUMOUS PAPERS OF THE PICKWICK 
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CLUB (Pickwick Papers) [5] shows a picture of a very overweight individual called “Joe 
the fat boy”  who is always eating and sleeping.  This syndrome, because of the 
representation in Charles Dickens book, was originally named Pickwickian Syndrome in 
early case reports from over 100 years ago[3].  When President Howard Taft lost 90 lbs., 
he reported that he lost a tendency to be sleepy and his color was better and his ability to 
walk was improved[4].  In 1955, pulmonary function in overweight people was examined 
in more detail [6, 7].  This early name, Pickwickian Syndrome adapted by Burwell was 
renamed in 1969 as Obesity Hypoventilation Syndrome (OHS) [1, 2]. 
For someone who is grossly overweight, hypercapnia and hypoxia in arterial blood can 
occur if the BMI is over 30.  It can get worse during sleep[2].  It is usually reserved for 
people who have a resting PO2 in the arterial blood of less than 70mmHg [4, 8].   Ninety 
percent of patients with a BMI over 30 have sleep disorders and reduced oxygen saturation 
at night[4].   
Since, in the United states, over 1/3 of the population has a BMI >40, sleep disorders and 
low O2 saturation are common[4].  This is presently a global problem and not just in the 
United States.  The incidence of OHS varies form 20-35% [9].    
In the present investigation we examined 81 people with varying degrees of body fat. They 
were examined at rest as per the studies cited above.  But in addition, they were examined 
during walking on a treadmill at 3 miles per hour at a 3% grade. Studies on oxygen 
saturation are usually related to sleep when the metabolic demands on the body are small.  
This study stressed the same individuals to see if oxygen saturation during walking is a 
better diagnostic tool to examine respiratory impairment. 
 
 
2  Subjects and Methods 
Eighty one subjects participated in these experiments.  They had BMIs of between 19 and 
50.    All subjects were free of cardiovascular disease and had normal blood pressure making 
it safe for them to participate in mild exercise.  They were able to walk for at least 10 
minutes without cardiovascular complications and were not taking any medications that 
alter the autonomic nervous system.  The demographics are shown in Table 1.  All 
procedures were approved by the Solutions IRB and all subjects signed a statement of 
informed consent. 
 
Table 1: Demographics of subjects 
 age height weight BMI 
mean 48.0 163.3 87.0 32.6 
standard deviation 11.9 7.4 20.7 7.4 
 
Arterial PO2  
Arterial PO2 was calculated from the hemoglobin disassociation curve.  A pulse oximeter 
(Santa Medical, St. Louis, MO) was used to measure fingertip oxygen saturation.  Once 
oxygen saturation was measured, the following equations were used to calculate the arterial 
PO2  [10]. 
 
y = 7E-05x3 - 0.0213x2 + 2.57x - 13.773 
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Where Y is the hemoglobin saturation and x is the partial pressure of arterial oxygen. 
 
Exercise 
Exercise was accomplished on a treadmill with variable speed and inclination.  The 
treadmill was adjusted to 3 mph at an angle of 3 degrees for the subjects to walk.   
 
Procedures 
Subjects entered the laboratory and rested for 15 minutes prior to testing.  During that time, 
demographics and weight and BMI were assessed.  The arterial oxygen saturation was 
measured from the fingertip.   The average reading was taken over a 1 minute period.  
Subjects then walked on the treadmill and saturation and heart rate were measured once per 
minute for 5 minutes.  If saturation dropped below 60% or heart rate above 140 beats per 
minute, the walking was terminated. 
 
 
3  Results 
The results of the experiments are shown in Figures 1-4.  As shown in Figure 1, saturation 
was reduced with BMI especially above a BMI of 30.   The largest changes occurred for a 
BMI above 35.   
The equation is the polynomial fit calculated by the method of least squares. 
 
 
Figure 1: The relationship between oxygen saturation in the finger and BMI with the 
subject quietly sitting. 
 
There was a significant correlation between hemoglobin saturation and the subjects BMI 
of -0.81.  This was significant p=<0.001.   
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Figure 2 shows the relationship between calculated Po2 and BMI.  As illustrated in this 
figure, the calculated arterial PO2 was also reduced with BMI.  The Po2 was reduced to 





Figure 2: The relationship between calculated arterial PO2 in the finger and BMI with the 
subject quietly sitting in all subjects. 
 
This was similar to the data during walking.  As shown in Figure 3, PO2 dropped 
dramatically in the first minute of walking.  After 5 minutes, the PO2 still remained low.  
This reduction in PO2 was significant from rest (p<0.01).   
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Figure 3: The arterial PO2 in the finger with the subject walking at 3 miles per hour.  Data 
is shown for 5 minutes. 
 
The relationship between saturation after 5 minutes of walking and BMI are shown in 
Figure 4.  As shown here, for BMIs over 26, there was a reduction in saturation during 
exercise.  For the highest BMI studied here, this amounted to a 20% reduction in the 
hemoglobin saturation as shown in Figure 1.   
 
 
Figure 4: The Hb saturation in all subjects in relation to BMI after 5 minutes of walking 
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The regression equation is shown for the resting measures and the black square dots 
representing resting data on all subjects.  The red round dots are the data after 5 minutes of 
walking.  The trend is obvious and the post walking data was significantly less than the 
resting data (p<0.001). 
 
 
4  Discussion 
Obesity is correlated with an increase in abdominal and visceral fat[1].  Both of these 
contribute to increased resistance of the chest and diaphragm [11-13].  Indirectly, obesity 
raises levels of inflammatory cytokines which also contributes to sleep apnea and low 
arterial PO2 [11-13].  Especially with chronic obesity, the normal diaphragmatic breathing 
gives way to intercostal breathing to reduce the effort during inspiration[14].  This causes 
tidal volume to fall and respiratory rate to increase[14].   The subsequent reduced lung 
perfusion causes venous ad mixture in the pulmonary tree[15].  This, in turn, reduces the 
PO2 saturation in arterial blood.    
Most studies on obesity related hypoventilation, examine PO2 and hemoglobin saturation 
with the subject at rest.  The posture is usually with the subject recumbent [4, 7].  Here 
subjects were sitting at rest.  There was an effect of BMI on PO2 during rest but the real 
difference was during walking.  Here the PO2 dropped within a minute of walking and 
averaged in subjects with a greater BMI more than triple the reduction in PO2 at rest. 
This points to the need for a more dynamic test of pulmonary function in obesity related 
hypoventilation.  With exercise more strenuous than walking, the PO2 should fall even 
further.  This was seen in a recent study in obese adolescents[16].   Here in 92 subjects, 
arterial PO2 fell in relation to high BMI and pulmonary resistance was higher in more obese 
individuals during exercise[16].     The MVV, FVC, and FEV1 were better in obese children 
between 30 and 40 BMI than the control group.     The test involved running on a treadmill 
for 6-10 minutes.  But this same exercise level cannot be achieved by obese older adults 
and as such, in the present study, it was difficult for some people to even complete a walking 
test.  In the children, increased BMI was associated with increased lung function whereas 
the opposite is true in the elderly [17].  This was attributed to the fact that young children 
have increased lean body mass when they are overweight since they become stronger to 
move their weight.  In adults this is not the case. 
The problem here is not in oxygen delivery but in breathing technique.  If these subjects 
could be trained to do diaphragmatic breathing, especially with exercise, their pulmonary 
function should improve due to this alone and exercise performance should likewise 
increase.  In a recent study, slow breathing with a yoga technique improved oxygen 
saturation in blood[18].  With reduced PO2, the fat burning ability of the body should also 
be reduced in favor of carbohydrate metabolism and lactic acid production.  Mild hypoxia 
from moderate altitudes in healthy people did increase lactic acid production and lower 
lipid metabolism in one study [19].  This needs to be explored as well as a metabolic shift 
to fat with proper breathing. It is particularly noteworthy that here subjects did not have 
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5  Conclusions 
When BMI is at 30 or above, in general, the increase in body fat impairs the ability to 
breath.  The mechanism, called venous ad mixture, gets much worse with even mild 
walking.  For the health care professional, this must be factored into precautions in 
ambulatory programs for overweight people, especially with cardiac impairment since it 
may contribute to angina.    The use of a fingertip pulse oximeter is recommended for patient 
safety during exercise. 
 
Abbreviations 
BMI-body mass index 
OHS- Obesity Hypoventilation Syndrome  
Hb- hemoglobin 
MVV- maximum ventilator volume 
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